F ederally funded community health centers play a critical role in the US health care system by providing "comprehensive, culturally competent, high-quality primary health care services" to medically underserved communities and vulnerable populations. 1 Of the 21.7 million patients seen at community health centers in 2013, 35 percent were uninsured, 93 percent had family incomes below 200 percent of the federal poverty level, and 72 percent had incomes below 100 percent of poverty. 2 It is therefore vital to protect the health centers' ability to provide high-quality care to these vulnerable populations, whose members would otherwise be without access to such care.
Federally funded community health centers are public or private nonprofit health care organizations that operate in compliance with comprehensive federal standards. They receive federal funding from the Health Resources and Services Administration (HRSA) as authorized by section 330 of the Public Health Service Act. In 2013 approximately 21 percent of all health center revenues came from federal grants, and another 56 percent came from insurance reimbursements-most of which were from Medicaid. 3 While federal grants remain important to health center operations, over the past twenty years Medicaid revenue has increasingly funded the centers' growth and capacity expansions. Act (ACA), the US Supreme Court's 2012 ruling in National Federation of Independent Business v. Sebelius gave states the option of expanding eligibility for Medicaid to all nonelderly adult citizens and qualifying permanent residents with incomes up to 138 percent of poverty. Twentyfive states and the District of Columbia had expanded Medicaid eligibility as of January 1, 2014, 5 and an additional six states have expanded it since then. 6 In the nonexpansion states, many low-income adults remain without access to affordable coverage. States' Medicaid expansion decisions may have particularly important and immediate consequences for community health centers, given that their patient populations are predominantly low income and uninsured.
We analyzed nationally representative data from all federally funded community health centers for 2011 through 2014, the first full year of the coverage expansion. We had three main hypotheses. First, for health centers in Medicaid expansion states, we hypothesized that expanded eligibility would increase the proportion of their patients with insurance. This hypothesis was supported by evidence from nine states that demonstrated significant decreases in uninsured visits to community health centers during the first six months of Medicaid expansion. 7 Second, we hypothesized that health centers in expansion states would see an increase in the number of unique patients served, compared to centers in nonexpansion states-a hypothesis supported by evidence in Oregon and Massachusetts. 8, 9 The number of patients served is an important indicator because in part it reflects the reach and capacity of this safety-net system and represents the number of otherwise underserved patients who have obtained care. Third, we hypothesized that gains in coverage would translate into improved access to effective primary care, specialty care, and prescription drugs for newly insured patients-changes that, in turn, would improve the quality of their care.
These hypotheses were supported by research suggesting that, compared to insured health center patients, uninsured patients may be somewhat less likely to receive recommended primary care 10, 11 and may have less access to specialty care, 12 and that obtaining Medicaid coverage is associated with some improvements in selfreported health status, depression, and receipt of recommended preventive services and medication use for people with diabetes. 13, 14 An increase in the proportion of patients with insurance should also result in increased health center revenue per patient, which could be invested in infrastructure and staffing to improve quality.
Study Data And Methods

Sources Of Data And Study Population
For all analyses, we used data for 2011-14 from the Uniform Data System. The system's data are collected annually by HRSA's Bureau of Primary Health Care and are reported at the health center level. 15 The data included information about all 1,278 health centers that had received grants under section 330, with each center reporting on quality measures, number of patients served, organizational features, and the characteristics of its patients. Over 90 percent of the 1,278 health centers received community health center funding. Thus, we refer to all 1,278 centers as community health centers.
After we excluded the 29 community health centers located in US territories; the 2 centers whose sites were all school-based, mobile, or seasonal; the 186 centers that were established or ceased reporting data after 2011; 16 and the 4 centers with incomplete data, our final sample size was 1,057. The total number of patients treated in these centers ranged from 19.4 million in 2011 to 21.3 million in 2014.
Brown University's Institutional Review Board approved the study.
Treatment Group Our treatment group included all 492 federally funded community health centers in states that had expanded eligibility for Medicaid as of January 2014. 5 This group included centers in five states (California, Connecticut, Minnesota, New Jersey, and Washington) and the District of Columbia that had expanded Medicaid eligibility before that date. However, we excluded data from these centers in the sensitivity analyses because including centers that expanded in the study's pre period (2011-13) could attenuate the observed effect. Our control group included all 565 federally funded community health centers in states that had not expanded eligibility for Medicaid as of January 2014. A further explanation of our inclusion methodology can be found in the online Appendix.
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Outcomes We examined four main study outcomes for each community health center: its percentage of patients without insurance, patients' type of coverage (the percentages of patients with Medicaid and with private coverage), number of unique patients seen, and quality of care (its performance on eight quality measures that may be sensitive to Medicaid expansion). The quality measures were pharmacologic treatment of people with asthma, provision of lipid-lowering therapy for patients with coronary artery disease, provision of aspirin for patients with cardiovascular disease, body mass index (BMI) assessment in adults, Pap testing, colorectal cancer screening, hypertension control (blood pres-sure less than 140/90 mmHg), and diabetes control (glycosylated hemoglobin no more than 9 percent). These represent all quality measures available in the reported data except those for children or pregnant women and those whose measure definitions changed during the study period.
We also examined the two intermediate outcomes (hypertension and diabetes control) by race or ethnicity. None of the six process measures had data available by race or ethnicity. For details on the quality measure definitions, see Appendix Exhibit 1A.
Statistical Analysis We conducted a difference-in-differences analysis with inverse probability of treatment weights to compare outcomes in centers in expansion and those in nonexpansion states. The health center was the unit of analysis. The difference-in-differences approach allows for mean baseline differences between groups while accounting for secular changes that should not be attributed to the intervention. 18 To further account for differences between community health centers in expansion states and those in nonexpansion states, we generated a propensity score for each measure. The propensity score is the probability of a center being in the treatment group (in Medicaid expansion states), given its observable baseline characteristics, and the score is used to balance all observable characteristics between the treatment and control groups. The propensity scores included the following baseline characteristics measured at the health center level: patients' mean preperiod outcome, pre-period outcome trend (for the previous two years), insurance coverage (the percentages with Medicaid, Medicare, private, and no insurance), percentage with incomes below poverty, race or ethnicity (the percentages white, black, and Hispanic), percentage under age eighteen, percentage homeless, percentage with a primary language other than English, number of unique patients served, funding types, use of an electronic health record (EHR), recognition as a patient-centered medical home, managed care enrollment rate (mean number of managed care member months per unique patient), urban or rural status, and uninsurance rate in the county (derived from Enroll America survey data). 19 We calculated inverse probability of treatment weights using the propensity scores, in which the weight was equal to the inverse probability of receiving the treatment that was actually received. 20, 21 These weights were trimmed and stabilized to a mean of 1. We used linear probability models with the inverse probability of treatment weights to estimate the impact of Medicaid expansion on each outcome, since linear models provide direct estimates of absolute changes. 22 We included an indicator for Medicaid expansion, an indicator for the post period (2014), an interaction between the expansion and post-period indicators (the coefficient of interest), a year indicator to account for secular time trends, and state fixed effects. For quality outcomes, we included a vector of time-variant confounders related to quality (EHR use, medical home recognition, funding types, percentage of homeless patients) to account for differential changes in the post period between centers in expansion states and those in nonexpansion states. All observations were clustered at the health center level to account for repeated measures.We used robust standard errors to account for the weighted nature of the sample.
In sensitivity analyses, we ran an unadjusted model without the use of propensity scores. We also used propensity matching in place of inverse probability of treatment weighting. As mentioned above, in additional sensitivity analyses, we ran our primary model for each outcome again, this time excluding the community health centers in the early expansion states. These states elected to expand or partially expand Medicaid before 2014, although enrollment increases in these states were relatively small before 2014 (see Appendix Exhibit 3A). 17 We also ran analyses of quality indicators for pregnant women and children, for whom we did not anticipate an effect because the Medicaid expansion under the ACA did not change eligibility criteria for these groups. These indicators included normal birthweight, prenatal care in the first trimester, and BMI assessment in children. Additional details on analyses and sensitivity analyses are presented in Appendices C and D. 17 Limitations Our study had several limitations. First, data were reported at the health cenContinued federal investment in community health centers remains critical to meeting the needs of the centers' patient populations.
ter level, so we were unable to adjust for individual-level factors. Lack of individual data also masked the counteractive effects of patients' movement in and out of community health centers, as only the aggregate change was observed.
Second, inferences about patients' rates of use of health center services cannot be made from our analyses because we did not evaluate patient visit data. Previous studies in some states found that Medicaid expansion was associated with an increase in visits. 8, 9 Third, data were reported annually, which limited our ability to assess trends within a given year-particularly trends related to pent-up demand and unmet need that may have been more evident during the first half of 2014 than in the second half. This likely attenuated the effects we observed.
Fourth, policy changes in the post period that affected outcomes may have differed in expansion and nonexpansion states. To address this possibility, we used a difference-in-differences design combined with propensity scores and also directly adjusted for measurable time-variant confounders in our models. However, some residual confounding may exist.
Finally, changes in health care quality and capacity take time, and the full impact of expansion on centers may not be realized in one year. However, we were still able to detect measurable and important short-term changes in the centers' quality of care, patients' insurance coverage, and patient volume.
Study Results
Characteristics Of Community Health Centers In 2013, the year before expansion of Medicaid eligibility under the ACA, there were significant differences between expansion and nonexpansion states in community health center patients' insurance coverage, race or ethnicity, primary language, homeless status, and managed care enrollment (Exhibit 1). Compared to centers in nonexpansion states, on average, centers in expansion states were more likely to be located in an urban area, have been recognized as patient-centered medical homes, have received section 330 funding for patients experiencing homelessness, and have served more patients.
After we applied inverse probability of treatment weights, all baseline characteristics for centers in expansion and nonexpansion states were balanced. The only exception was the percentage of patients who were homeless, which we directly controlled for in our model.
Changes In Patient Populations Compared to centers in nonexpansion states, centers in expansion states saw an adjusted 11.1-percentage-point decrease in uninsurance rates (95% confidence interval: 8.5, 13.7) and an 11.8-percentage-point increase in Medicaid coverage (95% CI: 10.0, 13.4) among their patient populations between the pre and post periods (Exhibit 2). Centers in expansion states saw smaller increases in patients with private coverage, compared to centers in nonexpansion states.
Unadjusted estimates (Appendix F) 17 
The number of unique patients served at health centers increased steadily from 2011 to 2014 in both expansion and nonexpansion states (Exhibit 3). Adjusted weighted estimates show an increase of 1,130 patients per center (a 9.0 percent increase) in expansion states and an increase of 1,218 patients per center (a 15.2 percent increase) in nonexpansion states between the pre and post periods-a difference that was not significant.
Changes In Quality Of Care Compared to centers in nonexpansion states in the pre versus post period, centers in expansion states had significant improvements in quality for recommended asthma treatment, Pap testing, BMI assessment, and hypertension control (Exhibit 4). No significant differences were found for recommended treatment of coronary artery disease or cardiovascular disease, colorectal cancer screening, or diabetes control, although the direction of the relationship was positive for all of these measures except treatment for cardiovascular disease.
The magnitude of improvement in hypertension control varied by race and ethnicity, with Hispanics experiencing nearly twice as much improvement as non-Hispanic whites. There was no significant change in improvement in diabetes control for any racial or ethnic group (Exhibit 4). Null effects were found for the three quality measures thought to be unaffected by Medicaid expansion: normal birthweight, prenatal care in the first trimester, and BMI assessment in children (for full effect estimates, see Appendix Exhibit 10A).
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Discussion
Our results suggest that the first year of Medicaid expansion was associated with increases in insurance coverage and improvements in asthma treatment, BMI screening, Pap testing, and blood pressure control among the patients of federally funded community health centers in states that expanded eligibility for Medicaid under the ACA. We found no evidence that expansion increased or decreased the number of unique patients served at existing centers, on average. Additionally, although Medicaid expansion significantly decreased rates of uninsurance for health center patients, about one in four patients in expansion states remained uninsured in 2014.
In expansion states, reductions in uninsurance rates appear to result from gains in Medicaid coverage and not from increases in private coverage. In nonexpansion states, the proportion of patients covered by Medicaid remained essentially unchanged, while rates of private coverage increased slightly relative to the concurrent change in expansion states. This may be SOURCE Authors' analysis of data for 2013 from the Uniform Data System. NOTES After inverse probability of treatment weights were applied, statistical balance was achieved for each characteristic. A consistent exception was the percentage of patients who were homeless, so we directly adjusted for that measure in the difference-in-differences model when using inverse probability of treatment weights. Additional information about our methodology appears in the Appendix (see Note 17 in text a reflection of individuals with incomes of 100-138 percent of poverty receiving subsidies to purchase private coverage in nonexpansion states; a modest degree of crowd-out in expansion states from Medicaid patients who would otherwise have had private coverage; or the possibility that there are fewer accessible providers outside of centers for the newly insured in nonexpansion states, compared to expansion states.
We found no evidence of an increase in the number of unique patients seen at health centers in expansion states compared to the number in nonexpansion states, but both groups of centers experienced growth over the study period. Furthermore, while Medicaid expansion did not affect the average number of patients served per center, it might increase the number of visits per patient. We did not assess this measure of utilization in our study.
We detected significant improvements for four of the eight quality measures for centers in expansion states, relative to centers in nonexpansion states. Seven of the quality measures had positive coefficients, and two (colorectal cancer screening and lipid-lowering therapy for patients with coronary artery disease) barely missed the conventional level of significance (p < 0:05). We observed the largest increase (5.2 percentage points) for asthma therapy. This finding may be driven by the substantial expense of some forms of asthma inhalers, 23, 24 which may pose a significant financial barrier for uninsured health center patients. For hypertension control, gains appeared to be greatest among Hispanic patients, a finding supported by estimates suggesting that Hispanics may have disproportionately benefited from the ACA insurance expansions. 25, 26 On average, community health centers in nonexpansion states had pre-period uninsurance rates that were much higher than pre-period rates in expansion states. Thus, if additional states elect to expand eligibility for Medicaid, we anticipate that the reductions in uninsurance rates and the changes in quality of care will be greater than those observed in this study.
In addition, the expansion-related quality gains observed for Pap tests and hypertension control were driven by decreases in quality at health centers in nonexpansion states. This raises the possibility that not expanding Medicaid may erode overall quality of care in health centers. Examining changes in quality in subsequent years will be important in understanding these effects.
These findings add to the evidence base available to states that have yet to expand eligibility for Medicaid and states that are considering reversing their expansion. Another study of 156 community health centers across nine states found that the number of uninsured patients seen at safety-net clinics decreased in the first six months after Medicaid expansion. 7 Our results are consistent with the findings of that study, although we found that a considerable uninsured population remained after expan-
Exhibit 2
Estimated impact of Medicaid expansion on insurance coverage for patients at federally funded community health centers, 2011-14 SOURCE Authors' analysis of data for 2011-14 from the Uniform Data System. NOTES The estimates shown represent the adjusted yearly marginal rates, using inverse probability of treatment weights. Baseline rates appear similar for centers in states that did and did not decide to expand eligibility for Medicaid under the Affordable Care Act because of weighting. Full model estimates, including difference-in-differences estimates, are shown in the Appendix (see Note 17 in text). All difference-indifferences are significant (p < 0:01).
Exhibit 3
Estimated impact of Medicaid expansion on number of unique patients served per federally funded community health center, 2011-14 SOURCE Authors' analysis of data for 2011-14 from the Uniform Data System. NOTES The estimates shown represent the adjusted yearly marginal rates, using inverse probability of treatment weights. Baseline rates appear similar for centers in states that did and did not decide to expand eligibility for Medicaid under the Affordable Care Act because of weighting. Full model estimates are shown in the Appendix (see Note 17 in text). The difference-in-differences estimate was not significant (p ¼ 0:86).
sion. While work in a subset of states suggests that patient visits to health centers increased as a result of past and current Medicaid expansions, 8, 9, 27 we extended these findings to demonstrate that nationally, although visit volume may have increased, there was no evidence that the 2014 Medicaid expansion increased the mean number of unique patients per center.
Previous work has provided some evidence of the health impact of insurance coverage on Medicaid patients generally 13, 28, 29 and on community health center patients specifically. 10 Most of this evidence is limited to specific states or is from periods before the 2014 insurance expansions. A study of the Oregon Health Insurance Experiment suggested that obtaining Medicaid coverage was associated with some improvements in quality of care but did not find evidence of improvements in patients' blood pressure, cholesterol, or glucose levels. 13 However, we found evidence of a positive effect on at least one key health outcome, particularly for Hispanics.
Our findings are broadly consistent with those of two studies on the quality of care following Medicaid expansion among health centers in Oregon 30 and safety-net organizations in Ohio. 14 In a study of forty-nine health centers in Oregon, Miguel Marino and colleagues reported that Medicaid expansion was associated with increased use of preventive services, including BMI assessment and Pap tests. 30 Randall Cebul and coauthors found that in three safety-net organizations in Ohio, patients experienced improvements in diabetes care and marginal improvements in hypertension care following Medicaid expansion. 14 We extended this work to a national population of federally funded community health centers across all expansion states, and we also examined a more recent time period.
In recognition of the important role of community health centers in serving low-income and vulnerable populations, the ACA allocated $11 billion to finance the operation, expansion, and construction of such centers. Although this funding is vital for center operations and expansions, our findings on quality of care are unlikely to be explained by this funding for three main reasons. First, we excluded new centers established during the study period. Second, funding began in 2011 (before Medicaid expansion under the ACA became optional), and we found no differences in trends between expansion and nonexpansion states in the period 2011-13. Third, ACA funds do not appear to be preferentially distributed to centers in expansion statesparticularly given funding formulas that are tied, in part, to centers' percentage of uninsured patients.
Nevertheless, though a "funding cliff" was SOURCE Authors' analysis of data for 2011-14 from the Uniform Data System. NOTES The estimates shown represent the percentages of eligible patients whose care met the quality measure. The 2011-13 estimate represents the adjusted marginal rate for the period before expansion of Medicaid eligibility under the Affordable Care Act; the 2014 estimate represents the adjusted marginal rate for the period after expansion. The difference-in-differences represents the coefficient of the adjusted interaction between expansion status and post period (2014), using inverse probability of treatment weights. All differences are absolute differences. Baseline rates appear similar for centers in expansion and nonexpansion states because of weighting. CI is confidence interval. BMI is body mass index. *p < 0:10 **p < 0:05 ***p < 0:01 avoided through the extension of ACA grant funds in the Medicare Access and CHIP Reauthorization Act of 2015, 31 continued federal investment in community health centers remains critical to meeting the needs of the centers' patient populations. 32 This funding is particularly important for centers in nonexpansion states, which have historically relied more heavily than those in expansion states on federal grants, have forgone additional Medicaid revenues that they could have gained under expansion, and continue to have high rates of uninsured patients. 33, 34 HRSA has also continued to provide funding for community health centers to identify and enroll eligible patients in Medicaid or Marketplace coverage. 35, 36 While some populations may be ineligible for insurance coverage because of their immigration status, these outreach efforts may help reduce the remaining high proportion of uninsured patients at health centers, including those in expansion states.
In light of the results of the 2016 presidential election, however, it is increasingly likely that at least some aspects of the ACA, including the Medicaid expansion, may be changed or repealed. Policy makers must be attentive to the consequences of these changes for community health centers and the patients that they serve.
Conclusion
Our study provides nationally representative evidence on the one-year impact of Medicaid expansion on federally funded community health centers. We found that the expansion was associated with large increases in rates of Medicaid coverage and corresponding declines in uninsurance rates, while on average not affecting the number of unique patients served at existing centers. Furthermore, among the health centers' patient populations, we found that Medicaid expansion was associated with improvements in four of the eight measures of quality of care that we studied.
Our findings suggest the possibility of further gains in quality at community health centers as additional states expand eligibility for Medicaid and as more patients acquire insurance after 2014. Gains in quality may be even greater for newly expanding states, since baseline uninsurance rates in these states were higher than rates in states that previously expanded, while quality may erode at centers in states that elect not to expand. It will be important for policy makers to consider this as the new presidential administration makes decisions about the future of the ACA. As additional years of data become available, it will also be important to evaluate the longerterm effects of Medicaid expansion on health centers and better understand remaining barriers to coverage. ▪ 
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